Abstract. Spectral aerosol optical depth (AOD) at ten discrete channels in the visible and near IR regions were estimated over Dibrugarh, located in the northeastern part of India, using a ground-based multi-wavelength solar radiometer (MWR) from October 2001 to February 2006. The observations reveal seasonal variations with low values of AODs in retreating monsoon and high values in the pre-monsoon season. Generally the AODs are high at shorter wavelengths and low at longer wavelengths. AOD spectra are relatively steep in winter compared to that in the monsoon period. The average value of AOD lies between 0.44±0.07 and 0.56±0.07 at 500 nm during the pre-monsoon season and between 0.19±0.02 and 0.22±0.02 during re-treating monsoon at the same wavelength. Comparison of MWR observation on Dibrugarh with satellite (MODIS) observation indicates a good correspondence between ground-based and satellite derived AODs. The synoptic wind pattern obtained from National Centre for Medium Range Weather Forecasting (NCMRWF), India and back trajectory analysis using the NOAA Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT4) Model indicates that maximum contribution to aerosol extinction could be due to transport of pollutants from the industrialized and urban regions of India and large amounts of desert and mineral aerosols from the west Asian and Indian desert. Equal contributions from Bay-ofBengal (BoB), in addition to that from the Indian landmass and west Asian desert leads to a further increase of AOD over the region of interest in the pre-monsoon seasons.
Introduction
Although a trace species by volume, aerosols produce significant atmospheric effects that have a direct bearing on dayto-day life as well as a long-term impact on the climate and hence the Geosphere-Biosphere system. They produce a direct effect on human health, visibility, air quality, and environment and also lead to the formation of dew, mist and fog. Besides the above-mentioned effects, the importance of atmospheric aerosols is being increasingly recognized in recent years in the regional and global (direct and indirect) radiative forcing and the resulting climatic implications (e.g. Charlson et al., 1991 Charlson et al., , 1992 .
In assessing the radiative forcing of atmospheric aerosols at a given location, from the standpoint of climatic impact, the aerosol parameter of utmost importance is the columnar spectral aerosol optical depth (AOD, denoted as τ pλ ) and its variation in the spectral domain. It is related to several physical properties of the aerosols through the relation (King et al., 1982) τ pλ = z 0 r 2 r 1 π r 2 Q ex , n(r, z)drdz
where Q ex is the Mie extinction efficiency parameter, which is a function of particle size in relation to the wavelength of the radiation, and its complex refractive index. The integration is over the atmospheric column from ground to the region where the aerosol abundance is significant (troposphere) and over the size range, which contributes significantly to Q ex and is usually known as optically active size range (0.05 to 5 µm). Thus the spectral AOD depends on the columnar abundance, size distribution and components of the aerosols. As such, the AODs will respond to changes in source strengths, aerosol microphysics and removal mechanisms, such as precipitation and cloud cycling (e.g. Suzuki and Tsunogai, 1988; Moorthy et al., 1991; Smirnov et al., 1994; Saha and Moorthy, 2004) and to long distant transport, which occurs at higher levels in the atmosphere (e.g. Moorthy et al., 2003) . Thus regional characterization of spectral AOD is of great importance and relevance in understanding the radiative impact of aerosols. In recent years there has been a concerted effort to characterize aerosols over the Indian region, which has a vast continental landmass with heterogeneous properties. Individual measurements (e.g. Moorthy et al., 1988 Moorthy et al., , 1989 Jayaraman et al., 1993; Satheesh et al., 2001; Devara et al, 2001; Sharma et al., 2003; Suresh et al., 2005 , Moorthy et al., 1993 Niranjan et al., 2004; Sagar et al., 2004; Bhuyan et al., 2005 etc.) and coordinated field campaigns, such as the INDOEX (e.g. Satheesh et al., 1999; Ramanathan et al., 2001) , the field campaign under Indian Space Research Organization's Geosphere Biosphere Program (ISRO-GBP) (e.g. Moorthy et al., 2005) have greatly added to our knowledge on the aerosol characteristics over this region.
The Multiwavelength Solar Radiometer (MWR) at Dibrugarh has broadened the database for the existing network of the "Aerosol Climatology and Effect" project as part of ISRO-GBP.
2 Location, data and analysis Dibrugarh (27.3 • N, 94.6 • E, 111 m a.m.s.l.) is located close to the northeastern boundary of India, in the northeastern corner of the upper Brahmaputra valley (Fig. 1) . The valley is surrounded by the great Himalayan range and Tibetan Plateau to the north, Garo-Khasi-Jayantia and Naga hills to the south and mountains of Yanan to the east, but is open to the west side towards the Gangetic plain of India. Thus, the westerly winds play a dominant role in transporting the suspended particulate matters from west Asia, across the east and then passing over the Indian landmass towards Brahmaputra valley. The major industrial and urban regions of India are shown in Fig. 1 (Tripathi et al., 2005; Vinoj et al., 2004) . Most of the westerly upper air flow trajectories pass across these regions of India before entering the Brahmaputra valley.
The MWR at Dibrugarh is operated from the rooftop of the building of the Physics Department of Dibrugarh University (∼8 m above ground level) on all days when unobscured solar visibility is available for at least 2 to 3 h. Dibrugarh is endowed with extensive water resources and surrounded by lush green tea plantations around it. No significant local pollution sources are present in the proximity of the site, except the vehicle exhausts of the national highway running through the university campus. On the basis of the climatic characteristics, such as distribution of temperature, rainfall, rainy days, humidity, presence of fog and thunderstorms, the climate of the area may be classified into four seasons: (a) winter -W, (b) pre-monsoon or summer -S, (c) monsoon -M1 and (d) retreating monsoon -M2. December, January and February are the winter months. The months of March, April and May constitute the pre-monsoon season. June, July, August and September are the monsoon months and the months of October and November represent the retreating monsoon season. The average annual rainfall of Dibrugarh city is 276 cm with a total number of 193 rainy days. The annual mean temperature is 23.9 • C.
In this study, the contribution of long-range transport to the growth or decay of aerosol extinction over the northeast Indian location Dibrugarh is being investigated using the MWR data at Dibrugarh from October 2001 to February 2006, MODIS (on board the Terra platform) derived AOD, and wind and back trajectory analysis from NCMRWF and HYSPLIT, respectively.
The National Centre for Medium Range Weather Forecasting (NCMRWF) is the premier institution in India that provides Medium Range Weather Forecasts through deterministic methods and renders Agro Advisory Services (AAS) to the farmers.
The ground-based passive multi-wavelength solar radiometer (MWR), used to retrieve aerosol optical depth over Dibrugarh, was designed and developed at Space Physics Laboratory (SPL), Vikram Sarabhai Space Centre, Trivandrum, following the principle of filter wheel radiometry, as described by Shaw et al. (1973) . The instrument provides columnar total optical depth at ten discrete narrow wavelength bands (FWHM of 5 to 6 nm at different wavelengths) centered at 380, 400, 450, 500, 600, 650, 750, 850, 935 and 1025 nm by making continuous spectral extinction measurements of directly transmitted solar radiation as a function of solar zenith angle.
Following Lambert-Beer law, the directly transmitted ground reaching solar flux F λ at a monochromatic wavelength λ is given by
where R o and R represents the mean and instantaneous SunEarth distance, F oλ is the extra-terrestrial solar flux at λ, τ λ is the total columnar optical depth of the atmosphere and m is the relative air mass (a geometrical term to account for the relative increase in optical path length with increase in solar zenith angle). In MWR, the output V λ is directly proportional to the incident solar radiation. This in turn is proportional to F λ , therefore Eq. (2) can be expressed as
where V oλ represents the system output corresponding to (F oλ ). Taking logarithms on both sides of Eq. (3),
Equation (4) represents a linear relation between the natural logarithm of the MWR output V λ and relative air mass m. A plot of ln(V λ ) against m during periods when τ λ remains invariant yields a straight line with a slope equal to τ λ and a Y-intercept for m=0 (known as the zero airmass intercept) equal to the term inside the bracket which after correcting for the Sun-Earth distance gives [ln(V oλ )]. Since V oλ is proportional to F oλ , which remains invariant over years, any change in zero airmass intercept (during clear periods) should arise from variations in the MWR parameters. The long-term temporal stability of the Langley intercept, corrected for the daily variation of the Sun-Earth distance was used as an indirect calibration of the instrument. During the study period, the long-term stability of the instrument was fairly good, with the Langley intercept lying within 10% of the mean for the worst cases. A very few days, when a significant deviation was observed, were not considered in the further analysis. As the performance of the interference filters deteriorate, there will be a very long-term trend in the mean corrected intercept and this information was used to replace the filters whenever serious deterioration was detected. Otherwise the entire filter set was changed after a period of 3 years. In analyzing the MWR data, the data collected during the forenoon (FN) and/or afternoon (AN) parts of the day were considered as a single data set and the average spectral AODs were retrieved for that data set following the Langley plot technique and the total columnar optical depth τ λ , the corrected zero airmass intercept (also called Langley intercept), the mean variance σ 2 τ of the slope τ λ and the correlation coefficient ρ between ln(V λ ) and m are determined.
The total optical depth is the sum of the contributions due to molecular scattering (τ mλ ), extinction due to the aerosols (τ pλ ) and absorption due to ozone (τ O 3 λ ) and water vapor (τ wλ ), so that,
where τ pλ can be deduced from τ λ estimated from MWR measurements if τ mλ , τ O 3 λ and τ wλ can be estimated separately. τ mλ values are estimated analytically using model/reference atmosphere profiles as given by Sasi and Sengupta (1979) . There is also a weak absorption by NO 2 at wavelengths below 450 nm. The typical value of optical depth due to this is 0.006 (Tomasi et al., 1985) , which is quite small compared to other terms in Eq. (5) and hence not considered significant. Water vapor exhibits large variability and hence τ wλ is estimated from the day-to-day measurements. Using the MWR measurements at 935 nm and 1025 nm, the columnar water vapor content is estimated using the generalized transmission function (Leckner, 1978) and this is used to estimate the absorption at 850 nm (Nair et al., 1998; Bhuyan et al., 2005) . Following Russell et al. (1993) , the overall error in the derivation of AOD using the Langley technique can be written as
where
The first term on the right-hand side of Eq. (6) represents the error contributed by the diffused scatter radiation, detected by the photo-detector. The second term arises due to the errors in the computation of the relative air mass m, the third term represents the error arising due to the uncertainty of the zero airmass calibration output; the fourth term represents the uncertainty in reading the MWR output and the fifth term represents the total error due to the uncertainties in the optical depths due to Rayleigh scattering and absorption by O 3 , NO 2 and water vapor.
Estimates have shown that the typical error in the retrieved value of τ pλ lies in the range ∼0.009-0.011 at different wavelengths excluding the variance of the Langley fit . The small variance in the Langley intercept (<10%) along with the other uncertainties in the estimation of τ pλ , puts the uncertainty in the range of 0.03-0.05 at different wavelengths, with the higher values at shorter wavelengths (<500 nm) and during high AODs (>0.5). More details on the MWR, including analysis details and error budget are given in several earlier papers (Moorthy et al., , 1999 Satheesh and Moorthy, 1997; Sagar et al., 2004; Saha et al., 2005) .
Back trajectory model
Five-day three-dimensional back trajectories were calculated using the NOAA HYbrid Single-Particle Lagrangian Integrated Trajectory Model (HYSPLIT model) with the 1 • ×1 • latitude-longitude grid, "final" (FNL) meteorological database (Draxler and Hess, 1997) . The 6-hourly FNL archive data are generated by the NCEP GDAS (National Centers for Environmental Prediction Global Data Assimi- lation System) wind field reanalysis. GDAS uses the spectral medium range forecast (MRF) model for the forecast. The FNL database contains basic fields, such as the u-and v-wind components, temperature and humidity at 13 vertical levels, from surface to 20 hPa. Further information on the FNL meteorological database can be found at http://www.arl.noaa. gov/ss/transport/archives.html (Formenti et al., 2001 ).
Surface meteorological data
The month-to-month variations of wind, temperature, relative humidity and the monthly total rainfall are shown in Fig. 2 . The surface wind speeds are generally low (<4 ms −1 ) with no significant variation from month to month or season to season. However, the average values of wind speed are slightly greater during the pre-monsoon and monsoon months. The predominant surface wind direction over Dibrugarh is generally northeasterly (45 • ), which shifts towards easterly (90 • ) during the pre-monsoon and monsoon months. Maximum and minimum daily temperature (T max and T min ) varies between 25 • C to 35 • C and 7 • C to 25 • C, respectively. Both T max and T min show similar annual variation. The month of occurrence of annual maximum in temperature appears to vary from one year to another.
The average relative humidity (RH) observed at 05:30 IST, 11:30 IST and 17:30 IST is high (>60%), which is indicative of a tropical wet regime. Figure 2 also indicates that more than 84% of the annual rainfall occurs during April to September and about 55% of total rainfall during June to August every year.
Results and discussion

Temporal characteristics of aerosol optical depth
The monthly variation of the aerosol optical depth at wavelengths 450 nm (in the visible) and 750 nm (in the near IR) is shown in Fig. 3 . AOD increases from February onwards and attains a peak value during the pre monsoon-months (March, Table 1 . The AODs are highest in the pre-monsoon months at both long or short wavelengths and lowest in the retreating monsoon.
Spectral characteristics of aerosol optical depth
The spectral variation of aerosol optical depths are examined by plotting the monthly mean τ pλ values as a function of wavelength (λ), as shown in Fig. 4 . This is shown for the mean monthly τ pλ values irrespective of years during the entire period of observation. The average spectral temporal variations on a seasonal basis are also shown in Fig. 5 as a contour plot. In general, the wavelength dependence of τ pλ remains nearly the same in all the years of observation. The AODs first increase from 380 nm to 400 nm and then decrease with an increase in wavelengths towards the higher end of the spectrum. There is a slight increase of AOD at 1025 nm.
The spectral characteristics of aerosol optical depth are indicative of the size distribution of the aerosols and they clearly indicate the differences between the sizes of the particles at different months (Shaw et al., 1973) . Following Angström (1961) the wavelength variation of AOD can be expressed as βλ −α , where β and α are constants. According to theÅngström formula
where β is theÅngström turbidity coefficient, equal to τ pλ at λ=1 µm and α is the wavelength exponent. The wavelength exponent α is related to aerosol size distribution and Wavelength (nm) is a measure of the relative dominance of fine, sub micron aerosols over the coarse aerosols while β represents the total aerosols present in the atmosphere in the vertical direction. A higher value of α indicates a sharper aerosol size spectrum, more dominated by smaller aerosols. Since the value of β (τ pλ at λ=1 µm) is a measure of the aerosol (column) loading (Tomasi et al., 1983) and depends more on large (r>∼0.5 µm) aerosol particles, its variation with time would be indicative of the temporal variation of large particles concentration. In the present study, aerosol optical depth values of individual sets of observation were examined for their agreement with Eq. (8), involving a least-squares fit between τ pλ and λ in a log-log scale. The slope of the regression line gives the value of α while β is evaluated from the intercept. In general, a good agreement with Eq. (8) 
Comparison of aerosol optical depths from groundbased and satellite observations
The MWR observation is not adequate for obtaining aerosol characteristics for all the months in a year due to unfair weather conditions, particularly during the monsoon periods. The lack of data due to cloud cover can be compensated through use of satellite-derived observations, provided these are validated and compared with the ground-based measurements. Moreover, a single ground-based aerosol monitoring station in northeastern India is not very useful in assessing the regional distribution due to the strong spatial and temporal variability of aerosol particles. Validated satellite measurements may fill the existing data gap and provide a more homogeneous picture of the aerosol environment over this region. Moderate Resolution Imaging Spectro-Radiometer (MODIS) imparts information about global distribution of aerosols and their properties. With a view to supplement the MWR derived AOD over Dibrugarh, we have used MODIS derived AODs (Kaufman et al., 2003) on board the EOS (Earth Observing system) Terra platform at 550 nm and compared it with the AODs estimated using the MWR at the same wavelength. A linear interpolation technique has been used to calculate the AOD value at 550 nm, from the available wavelengths of the MWR. A comparison of the two sets of AODs for each month for three years during the period from January 2003 to December 2005 is shown in Fig. 7 . The MWR data at 500 nm was discarded up to December 2002 due to malfunctioning of the filter at this wavelength. The comparison of the two sets of AOD shows a good agreement, with the values lying well within the instrumental uncertainties.
A scatter plot of MODIS derived AODs (τ a MODIS) and MWR derived AOD (τ a MWR) (Fig. 8) shows that the agreement is very good, with a mean difference of 0.027 and a root-mean square difference of 0.07. The absolute difference between τ a MODIS and τ a MWR is found to be less than 0.105.
A least-squares fit between AODs from the two estimates shows a linear relationship of the form τ a MODIS=τ a MWR × 0.79 + 0.07.
Slope lower than unity (∼0.79) during the period of observation (Fig. 8) indicates an underestimation of AOD by MODIS with respect to MWR retrieval. The square of the correlation coefficient (R 2 ) between τ a MODIS and τ a MWR is 0.72. The time-averaged MODIS derived (on board Terra platform) AODs at 550 nm over the Indian zone are shown in It is interesting to note that though the distribution of aerosols over the northeastern region of India during the pre-monsoon and monsoon is similar, the total aerosol optical depth in western and coastal India is much higher in the monsoon season (AOD>0.7). Transportation of the suspended particles from these areas to northeastern India enhances the total aerosol mass loading over the MWR site.
Influence of different airmass types on aerosol characteristics
To study the impact of long-range transport of aerosols on the growth and decay of the AOD over Dibrugarh, we use the HYSPLIT model so as to trace the source and path of aerosol transport (5-day back-trajectories) for all the days on which the AOD data were available. The five-day period was considered in view of the typical residence time of ≥1 week for aerosol in the lower troposphere (Ramanathan et al., 2001) during the dry period. As the AOD values are caused by the columnar aerosols, we considered three height levels considering the elevated topography of the northeastern region over the observation site: 1000 m (within Atmospheric Boundary Layer, ABL), 2000 m (above ABL) and 3500 m (in the lower free troposphere; Moorthy et al., 2003) . The role of long range transport of aerosols over the Indian landmass, Chinese Himalayan region, eastern Bangladesh and Myanmar and Bay-of-Bengal (BoB) in causing changes in the optical depths, composition and physical characteristics of aerosols had been investigated and their possible implications on the variation of AOD, α and β are discussed below.
The isentropic trajectories revealed significant month-tomonth variations, particularly at the lower levels. The highest free tropospheric (FT) trajectory was generally confined to the central and peninsular India. In some cases the FT trajectories originated from the west Asian countries and travelled across Pakistan and partly across the Tibetan desert region before arriving at the northeastern region, while on other occasions they originated from BoB and travelled across the northeastern landmass of India. Yet, on several days the FT trajectories were mainly confined to the boundary of northeastern India for all the 5 days.
Depending on their regional travel, the trajectories are classified into five groups. Group 1 includes the trajectories originating from west Asian regions, north and middle and the west coast of India, across the Himalayan Mountain and partly over the Tibetan desert region. In group 2, the trajectories had a significant BoB signature before reaching northeast India and then the observation point. Group 3 includes the trajectories originating from southeastern countries, such as Thailand and Myanmar. The trajectories originating from the Chinese desert region are included under group 4. In some cases all the trajectories were confined to the boundary of northeastern India and these belong to group 5. Based on these groupings, the major airflow sectors can be divided into the (i) northwest/west sector (NW/W), (ii) southwest/south sector (SW/S), (iii) southeast/east sector (SE/E), (iv) northern sector (N) and (v) the local sector (L). Trajectories were assigned to a particular sector if they resided over it for more than 80% of their traveling time before arriving Dibrugarh.
To examine the possible effect of long-range transport of aerosols, the AOD spectra, α and β for each observational day with respect to different seasons were put into the appropriate trajectory group/sector and averaged with respect to each of them. The results are given in Table 3 and the percent contribution of each group to the air masses arriving at Dibrugarh is given in Fig. 10 in four respective seasons, irrespective of the years during the period of study at the three different atmospheric levels considered here. An example of the dominant trajectories in each of the four seasons is shown in Fig. 11 . It is seen that the transport was predominantly from the NW/W sector at all three levels during the winter and the retreating monsoon, and the trajectories within the SW/S sector are absent Table 3 which indicates that the values of AOD and α are highest during this period when the trajectories belong to this sector, i.e. they are originating from west Asia, across the western continents and then pass over the Indian landmass. However, the contributions of trajectories in this sector to enhance β are not significant. It can be seen from Fig. 9 that during the winter and retreating monsoon period, the AOD to the west of northeast India is itself not very high. As such, although the advection of anthropogenic primary and secondary aerosols from the western urban and industrial regions continues, thus cannot contribute significantly to the growth of AOD values during this period. Moreover, during October and November, the wash out by rain in the preceding months without sufficient replacement is another reason for the low AOD values and lower β in this period. During the winter season (December and January), the aerosol production mechanism related to wind and surface conditions are weak. November and December are the driest months and January is the coldest in Dibrugarh. The values of AOD and α are comparatively higher in the winter with respect to those in the retreating monsoon season.
During the pre-monsoon season, the contributions from SW/S as well as NW/W sector are prominent (Fig. 10) . The northern and local trajectories were absent in this season. The values of AOD and total columnar aerosol loading β are highest during this period when the trajectories originate in the BoB (SW/S) sector. However, the highest value of α, as well as comparable higher values of AOD and β was obtained for the trajectories in the NW/W sector, too. The synoptic winds over Dibrugarh also show significant increase in the westerlies at upper pressure levels, except during monsoon season and the magnitude of the wind speed increases with altitude. Six representative plots at 700 and 500 hPa (considering the elevated topography and the surrounding region) are shown in Fig. 12 for the months of March, June and December during 2004. These were obtained from the National Centre for Medium Range Weather Forecasting (NCMRWF), New Delhi. It can be seen from Fig. 9 that there are high aerosol concentration to the western and southwestern locations of Dibrugarh. Thus the highest value of β during the pre-monsoon season indicates an increase in the loading of coarse mode particles till the onset of monsoon. Though wet removal continues during the premonsoon months, too, the change in air mass type is mostly igure 11: Examples of Five-day back trajectories at 1000, 2000 and 3500 m above ground vel on four particular days during four different seasons' winter, pre-monsoon, monsoon and treating-monsoon.
Winter
Pre-monsoon Monsoon R-Monsoon responsible for the rapid build up in the AOD over the station after March, as the arid air mass type is known to transport large amounts of desert and mineral aerosols from the west Asian and Indian desert, Indian mainland and BoB area. Input of aerosols (mostly coarser fraction) from Thar Desert (Fig. 1) and dry season during pre-monsoon cause high AOD (>0.6) in the Ganga basin (Prasad et al., 2004) . The upper air westerly is thus mixed with high aerosol concentration before reaching the northeastern zone of India and contributes to the growth of aerosols over this region during premonsoon season. The mineral dusts are produced over arid and semi-arid regions by the action of surface winds. Dust is a mixture of quartz and clay minerals. The long-range transport of mineral dust by the combined action of convection currents and general circulation systems make these particles a significant constituent even at locations far their sources. There are several literatures describing the large-scale transport of dust particles (e.g. Prospero et al., 1983; Uematsu et al., 1983; Tyson et al., 1996; Kaufman et al., 2000; Moorthy and Satheesh, 2000; Satheesh and Srinivasan, 2002) . In addition to the advection by air masses, the increased solar heating (Fig. 2 ) of the land mass over the lower plains adjacent to the site during the pre-monsoon season would result in increased convective mixing and elevation of the boundary layer aerosols. This also contributes to the increase in AOD over the site during the pre-monsoon season.
During monsoon, the winds are mostly from the E/SE and SW/S. As seen from Fig. 10 , although high AODs are observed over the entire Indian mainland the aerosol loading over Dibrugarh appears to have remained low and unaffected by the higher content over Indian mainland. One of the various factors may be the absence of sharp trajectories from NW/W sector during the observational days. The second cause may be the occurrence of the peak in rainfall (Fig. 2) over a maximum number of rainy days. However, even when the wet removal process of aerosols continues through the entire monsoon season, the abundance of fine mode particles are considerable, as indicated by the highest value of α obtained under the local sector (Table 3 ) of trajectory analysis. Apart from this, the trajectories from BoB (SW/S sector) have contributed to the increased abundance of fine and coarse mode particles as well as to AODs. The trajectories lying within this sector reflect the higher values of α and β along with the highest value of AOD during the monsoon season. It is evident from Table 3 that the trajectories in the SE/E sector (Gr.3) have negligible contribution to the growth of AOD, α and β. But, as the percent occurrence of winds originating from E/SE sector is high and that from the NW/W sector is absent, it leads to a reduction in AOD during the monsoon season. Provided that the NW/W sector was a dominant one, it would have given rise to large value of AOD as well α and β in the monsoon season, in spite of the persistence of heavy rainfall. This establishes the impact of longrange transport of aerosols as measured over Dibrugarh.
Conclusions
The main conclusions from the present study are the following:
1. The seasonal mean values of AODs are higher in the pre-monsoon (March, April and May) at the entire wavelength and lower in the retreating monsoon (October and November) season.
2. There is significant enhancement of aerosol optical depth at shorter wavelengths (λ≤600 nm) in the retreating-monsoon and winter season. 4. TheÅngström wavelength exponent (α) has a mean value of 0.56±0.07 during monsoon, indicating a flatter aerosol size spectrum. In the winter season the value of α is nearly double (0.97±0.08), indicating a significant enhancement of small particles attributed to be of industrial and urban origin. The synoptic upper layer winds have special contribution to the aerosol advection from the western deserts, the Gangetic plains and the BoB area.
